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a mere number, and at another as a quantity having 
certain dimensions (for example, the dimensions of the 
reciprocal of the square of a velocity), would be entirely 
avoided. This procedure was recommended some time 
ago by Heaviside, and there can be no question of the 
desirability of its adoption. Instead of the equation 


A Text-Book on Electromagnetism, and the Construction 
of Dynamos. By Dugald C. Jackson, B.S., C.E., Pro¬ 
fessor of Electrical Engineering in the University of 
Wisconsin, &c. Vol. I. (New York and London : 
Macmillan and Co., 1893.) 

I N this work an excellent attempt is made to present 
the elements of a very important subject in small 
compass and in a clear and readable form, without any 
sacrifice of accuracy. The present volume is only the 
first instalment of the complete treatise promised by the 
author, but it contains in nine chapters, covering some 
280 pages, a fairly comprehensive survey of the elements 
of electromagnetism, the magnetic properties of iron, 
magnetic circuits and characteristic curves of dynamos, 
a discussion of efficiencies, and the action of multipolar 
dynamos. 

The primary definitions and statements regarding 
units, which are always a good test of the competency 
of at least the theoretical treatment in a book like the 
present, are generally clear and accurate. The author 
begins by discussing lines of force, and on p. 2 gives 
the needful caution that such lines “ have no material 
existence, but are merely hypothetical.” It might have 
been added here, perhaps, that this notion of lines of force 
is a concept corresponding to a state of the field produced 
by the presence of the magnetic distribution, that is to 
say that there is some kind of “displacement or motion 
of the medium ” perfectly real though not material, the 
direction and amount of which is typified by the grouping 
of the lines of force. 

On the same page it is stated that “ when the lines of 
force in a magnetic field are parallel and of equal number 
per square centimetre a magnet pole will experience 
the same force at all points of the field, and the field is 
said to be uniform.” This is, of course, quite correct; 
but it ought to be noticed that if the lines of force are 
parallel throughout any finite portion of the field, they 
must be of equal number per square centimetre, and 
•nice versa. 

The usual definitions of B and H are given on p. 5, 
and we do not criticise in any adverse sense the author’s 
procedure in so doing. But we cannot help thinking 
that it is much more conducive to clearness to give to 
each medium, whatever it is, a magnetic inductivity, and 
to consider this as a physical quantity depending on the 
medium. Thus, denoting the inductivity by /r, we should 
have the relation B = /zH. Then if the inductivity of a 
standard medium be p 0 we should have, for the same H, 
B 0 =p 0 H. The ratio B/'B 0 or p/po is then properly the 
permeability of the former medium, and might be denoted 
by w. This, it seems to us, would be much more in 
accordance with Lord Kelvin’s original presentation of 
the matter. The permeability tv would be in all circum¬ 
stances a mere ratio, and therefore of zero dimensions ; 
while the confusion caused by at one time regarding p. as 
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we should have 


ft = I + 4 7T K 

P = ft) U + 4’ r k) 


where k is the magnetic susceptibility, also a pure 
number. If, as Heaviside strongly advocates, “ rational ” 
units be adopted, the 4?r must be omitted in these 
formulae. 

The ordinary mode of dealing with the subject begins 
by making B a quantity of the same dimensions as H, 
and later when the energy of the electromagnetic field is 
discussed the definition of B is virtually altered, so that 
BH/8 7r becomes the energy per unit volume of the 
medium, and B has not the same dimensions as H. This 
change may be explained, but it constitutes a sore 
difficulty to the student. 

In the present case, however, the matter is not so im¬ 
portant, as for the dynamo application it is sufficient to 
regard the relation as that which holds when p 0 is put 
equal to 1. There is, however, essentially the same kind 
of difference between ft and w that there is between 
density and specific gravity. The former depends on 
the units adopted, the latter does not. 

A very good account is given in chapter iii. of the 
magnetic properties of iron. The more important recent 
researches on this subject are summarised, and the results 
illustrated by curves. The author seems, however, to 
have missed, or at any rate has not brought out, the point 
of Dr. Hopkinson’s divided bar method, which was to 
test the total magnetic induction in the bar after certain 
specified series of changes of magnetic force had been 
applied. This object would not be attained by having 
the bar undivided and the coil fixed, and simply reversing 
the magnetising current, as Mr. Jackson suggests. 

The description in this connection of a ballistic 
galvanometer as “ a galvanometer with a rather heavy 
needle, and therefore a considerable time of vibration,” 
has the merit of brevity, but is curiously inaccurate. It 
is no doubt an off-hand careless statement which has 
escaped correction in proof, but it may mislead a reader 
into supposing that weight of needle was in itself an 
advantage in such an instrument. 

Hysteresis is adequately discussed in this chapter, 
and Steinmetz’s formula for the energy dissipated in 
a cycle as depending on the quality of the iron and the 
number of cycles per minute is exemplified by numerical 
values found by experiment for different kinds of iron. 
Here we notice the phrases “ watts of energy,” “ energy in 
watts,” improperly used for “joules of energy,” “ energy 
in joules.” 

With regard to the discussion of energy-losses by 
hysteresis, it is worth remarking that no assertion can be 
made as to the disposal of the energy given to the 
medium (or taken from it) in an unclosed cycle. The 
ordinary diagram and mode of discussing it easily shows 
that at certain parts of the cycle more energy is given to 
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the medium, at others less, than is accounted for by the 
increase in electrokinetic energy, and that similarly 
when energy is being returned from the medium more or 
less is received than disappears from the electrokinetic 
energy of the field. It seems not impossible that these 
energy differences may be related to the cyclic changes of 
dimensions of a specimen of iron, which it has been shown 
recently by Mr. Nagaoka {Phil. Mag. Jan. 1894) ac¬ 
company the cycles of magnetisation. 

In chapter iv. we have a business-like discussion of 
what the author calls the establishment of electric 
pressures, in which the building up of a nearly uniform 
current by the commutation of successive sinusoidal 
currents in the different sections of the armature is 
described in the usual manner, but clearly and without un¬ 
due elaboration. The winding of Gramme and Siemens 
armatures is dealt with in the same chapter, which ends 
with some numerical calculations of armature constants, 
and the heating caused by the Joulean dissipation of 
energy in the coils. 

Hopkinson’s method of studying dynamo construction 
by means of the idea of the magnetic circuit, in con¬ 
junction with his.brilliant invention of dynamo character¬ 
istic curves, and the valuable practical results which he 
and others have obtained by this mode of investigation, 
have gone far to clear up the whole subject of the design¬ 
ing of steady-current machines. Prof. Jackson has done 
well to devote a considerable amount of space to this 
part of the subject; in fact, taking in the topics of 
regulation and connecting dynamos, it occupies no less 
than half the present volume. Opinions will no doubt 
differ as to the practical value of a good deal in this 
chapter, but the selection made seems satisfactorily 
dealt with. 

Short chapters on efficiencies and multipolar dynamos 
conclude the volume. A second is promised on alter¬ 
nating current and arc 1 lighting machinery. 

As it is the object of the author only to present funda¬ 
mental principles, and he very rightly holds that the 
electrical student should study typical dynamos mainly in 
the workshop or generating station, he has not burdened 
his pages with cuts of actual machines of different kinds. 
There the student who has had a sound course of instruc¬ 
tion such as this book represents, based upon previous 
knowledge of certain cognate subjects, and satisfactory 
divergences into others, will be able to read to advan¬ 
tage what is essential of the more elaborate works of 
reference on dynamo machinery. 

A small incidental advantage is the absence of those 
embarrassing folding plates, which cannot be avoided in 
works of the latter kind, and which, instead of being 
printed on cloth-backed sheets, arranged to fold always 
at the same place, are made of the most exasperatingly 
brittle and frail material. 

The book is excellently printed in good, bold type, and 
reflects credit on the Norwood Press, Boston. There is 
less than we have seen in some other cases of that dis¬ 
agreeable glare of regularly reflected light from the hot- 
pressed paper, which renders many American books, 
notwithstanding their often excellent typography, so 
difficult to read with comfort. 

A. Gray. 
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INTERNAL COMBUSTION MOTORS. 

A Text-Book on Gas, Oil, and Air Engines, By Bryan 

Donkin, Jun., M.Inst.C.E. (London: Charles Griffin 

and Co., Ltd., 1894.) 

S the results of recent researches on internal com¬ 
bustion motors are usually only to be found in the 
proceedings of our technical societies and institutions, 
we greet the present volume with pleasure. The gas 
engine in its present form has attained a lasting 
success, and this is due principally to the labours 
of Messrs. Crossley Bros., of Manchester, a history 
of that firm being really a record of the advance- 
of the gas engine from its early stages to its present high 
state of development. The manifold advantages of a gas 
engine over a steam engine are evident, particularly when 
the power is required intermittently ; moreover, for elec¬ 
tric lighting, this type of motor is invaluable for small 
powers, being started at a few minutes’ notice. For 
larger powers where town gas would be expensive, the 
addition of a Dawson gas plant renders it far more econom¬ 
ical in fuel consumption than any steam engine, and with 
proper supervision the cost of repairs can be maintained 
at a low figure. Once started, a gas engine can be 
allowed to run for several hours unattended, thus reduc¬ 
ing the cost of skilled attention to a minimum. 

Experiments are now in progress with the object of 
reducing the consumption of gas in the Crossley Otto 
engine, and the following results show the progress made 
in this direction. A 14-h.p. nominal engine has recently 
been tested, and gave a brake horse-power of 39'9i, and 
used 16-487 cubic of gas per b.h.p. per hour. These 
results are far in advance of the older engines, and show 
there are still means of improving what is already a 
wonderfully economical motor. 

Mr. Donkin’s work is divided into three parts, treating 
respectively of gas, air, and oil engines. Part I., on gas 
engines, is divided into two sections, the first dealing with 
the early history of these motors, and the second with 
modern gas engines. The subject of gas engines occu¬ 
pies more than half the book, and has been treated in a 
careful and very complete manner ; most known engines 
are described and illustrated, and indicator diagrams are 
shown in many cases, thus rendering the descriptions 
very complete. Although the Atkinson engine has not 
come in for very general use, it is an excellent example 
of a type giving an impulse every revolution, using one 
cylinder, whereas the Crossley engine gives an impulse 
every two revolutions. Another engine of a similar type 
is that designed by Prof. Rowden, and although it is not 
described in this work, or elsewhere, yet the consumption 
of gas is very low per brake horse-power,and owing to the 
complete expansion of the heated gases the water jacket 
round the cylinder is not so necessary. 

Part ii. of the volume under review deals with petroleum 
engines^ a class of motor now rapidly coming to the front, 
and used in places where gas is not available. If Messrs. 
Crossley Bros, can claim the honour of having made the- 
gas engine a practical working success, Messrs. Priestman 
can claim the same honourable position as regards the 
oil engine. Like all new machines it is more or less 
complicated, and recent engines made by other firms 
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